Introduction
Brace treatment in idiopathic scoliosis attempts to mechanically control and modify the natural history of spinal deformity [5] .
When a brace is prescribed, the patient should be assessed immediately after fitting, to determine proper pad placement and to measure curve correction by means of radiographic measurements of the Cobb angles. The degree of spinal correction is related to many interconnected factors [2] . One of these is the forces acting through the pads of the thoracolumbar spinal orthosis (TLSO) upon the body.
It is possible that treatment of idiopathic adolescent scoliosis fails because of inadequate corrective forces exerted by the brace [2] . The magnitude of these corrective forces for optimal curve correction is still not known. A Abstract Brace application has been reported to be effective in treating idiopathic adolescent scoliosis. The exact working mechanism of a thoracolumbo spinal orthosis is a result of different mechanisms and is not completely understood. One of the supposed working mechanisms is a direct compressive force working through the brace upon the body and thereby correcting the scoliotic deformity, achieving optimal fit of the individual orthosis. In this study we measured these direct forces exerted by the pads in a Boston brace in 16 patients with idiopathic adolescent scoliosis, using the electronic PEDAR measuring device (Novel, Munich, Germany). This is designed as an inshoe measuring system consisting of two shoe insoles (size 8 1/2), wired to a computer, recording static and dynamic pressure distribution under the plantar surface of the foot. After positioning the inserts between the lumbar and thoracic pads and the body, we measured the forces acting upon the body in eight different postures. In all positions the mean corrective force through the lumbar brace pad was larger than the mean corrective force over the thoracic brace pad. Some changes in body posture resulted in statistically significant alterations in the exerted forces. There was no significant correlation between the magnitude of the compressive force over the lumbar and thoracic brace-pad and the degree of correction of the major curve. Comparing the corrective forces in a relatively new (<6 months) and old (>6 months) brace, there was no statistically relevant difference, although the corrective force was slightly larger in the new braces. We think that the use of this pressure measurement device is practicable and of value for studies of the working mechanism of brace treatment, and in the future it might be of help in achieving optimal fit of the individual orthosis.
Keywords Idiopathic scoliosis · Brace treatment · Corrective force measurements few studies have tried to determine these corrective forces acting upon the body during brace treatment, using different types of corrective force measurement systems [2, 4, 7] . In this pilot study we measured the corrective bracepad forces working upon the body, by using an electronic pressure distribution measurement system. This system is already frequently used in podiatry and foot surgery, and has proven its value in that field [1] . Our goal was to establish the practicability of this system as an aid in studies on brace treatment.
Materials and methods
Sixteen patients (14 girls and 2 boys) attending the scoliosis clinic of the University Hospital Maastricht (Netherlands) for a regular check-up were asked to participate. All had an idiopathic adolescent scoliosis and were treated with a Boston thoracolumbar spinal orthosis. This is a prefabricated polypropylene pelvic module with a soft foam polyethylene lining, which is individually adjusted to the patient's needs with lumbar and thoracic pressure pads and an axillary extension ( Fig. 1) The same brace maker fitted all 16 braces. The correct location of the pads in the brace was checked radiographically. The mean duration of brace treatment prior to participating in the present study was 6 1/2 months (range 2-12 months). Nine braces had been used for less than 6 months; seven had been used for more than 6 months. The mean age at pressure measurement was 13 years and 8 months (8 years-17 years).
There were two thoracic, six thoracolumbar, six double thoracic-lumbar and one double thoracic-thoracic scoliotic deformity.
The mean primary curve was 31°; the mean secondary curve measured 20° (Table 1) .
To perform the body/brace-pad interface corrective force measurements, we used the PEDAR system, manufactured by Novel (Munich, Germany). This is an in-shoe measuring system consisting of two shoe insoles (size 8 1/2), wired to a computer recording and evaluating static and dynamic pressure distribution under the plantar surface of the foot in foot pathology. The shoe insoles are of such dimensions that they can easily be fitted between a bracepad and the body, without compromising the corrective mechanism of the brace and without harming or annoying the patient (Fig. 2) .
Each insert consists of 99 pressure sensors. Each sensor has a measuring range from 1 to 120 N/cm 2 . Each pressure sensor only registers force vectors perpendicular to its surface.
The resulting force exerted through the brace-pad was calculated from the force values of the separate pressure sensors. Before each measurement, the inserts were calibrated.
After positioning the inserts between the lumbar and thoracic pads and the body, we measured the correcting forces acting through the brace-pads upon the body in eight different postures. These postures were: standing up, sitting, supine, prone, lying on the left and right side and standing on one leg (left and right). Moreover, the correcting force of the axillary extension was measured in standing and sitting position. Each measurement lasted 20 s. The total investigation time per patient was approximately 15 min.
A single investigator performed all measurements. We compared the mean corrective force in standing position with the corrective forces in the other positions using the t-test for paired samples. 
Results
The mean corrective force over the lumbar brace-pad in standing position was 214 N (range 0-727 N); over the thoracic brace-pad it was 66 N (range 4-209 N) ( Table 1,  Table 2 ).
The mean measuring surface in the standing position was calculated by the computer; for the lumbar brace-pad this was 52 cm 2 and for the thoracic brace-pad 42 cm 2 .
For the lumbar brace-pad, we noted a statistically relevant alteration in interface corrective forces in two positions. These two positions were the supine position, where we saw a force increase from 214 to 329 N (P=0.023), and lying on the right side, where we noticed a force decrease from 214 to 162 N (P=0.026). The prone position and the lying position on the left side also showed a decrease in the corrective force of the lumbar brace-pad, but this was not statistically significant. Standing on one leg (left or right) showed an irrelevant decrease in corrective force of the lumbar brace-pad.
The results for the thoracic brace-pad showed a similar course in the mean corrective force when lying down in different positions. The supine position showed a statistically relevant increase in corrective force from 66 to 96 N (P=0.045). Lying on the right and left side showed a decrease of the corrective force of respectively 23 N (from 66 to 43 N) and 21 N (from 66 to 45 N). Both are statistically relevant (P=0.013 and P=0.015). The prone position also gave a decrease of the correcting force, although this was not statistically significant.
Standing on the right leg showed a statistically significant decrease in the corrective force of the thoracic bracepad from 66 to 49 N (P=0.029). Standing on the left leg showed a comparable decrease from 66 to 43 N (P=0.06).
There was no statistically significant correlation between the amount of correction of the major curve and the compressive force over the lumbar or thoracic brace-pad (R=0.3 and 0.5 respectively).
In all positions, the mean corrective force through the lumbar brace-pad was larger than the mean corrective force over the thoracic brace-pad.
Performing the t-test for independent samples, comparing the corrective forces in a relatively new (<6 months) and old (>6 months) brace, there was no statistically relevant difference, although the corrective force was slightly greater in the new braces.
Discussion
The effect of a thoracolumbar spinal orthosis in adolescent idiopathic scoliosis is the result of several mecha- nisms, including reduction of lumbar lordosis, direct corrective forces on the spine and muscle contractions resulting from external stimulation by the brace [3, 6, 7] . The degree of correction is related to the parameters of the scoliotic curves (location, degree, type), the flexibility of the spinal curves, the biomechanical properties of the truncal tissues transmitting the brace forces to the spine, the ability of the tissues to withstand such compressive forces and the compliance of the patient in wearing the orthosis [2, 3, 5] .
In recent years, a few studies have been performed to determine the magnitude and the effect of the forces working through the brace upon the body, using different kinds of measuring devices [2, 3, 4, 7] .
Our results showed a mean pressure over the lumbar and thoracic brace-pads of 4.1 and 1.2 N/cm 2 respectively. The magnitude of these pressures is comparable with the values reported by Veldhuizen [7] , and slightly greater than the values reported by Chase et al. [3] .
Comparable to the findings of Veldhuizen, the compressive forces working through the lumbar brace-pad in our study were greater than those working through the thoracic brace-pad [7] .
To our knowledge, no study has previously reported whether the magnitude of the corrective forces is related to the degree of correction in idiopathic adolescent scoliosis.
We found no correlation between the magnitude of the mean compressive force over the thoracic or lumbar pad and the degree of correction of the major curve. Apparently, the magnitude of the corrective force cannot explain the amount of correction achieved.
The changes in the compressive forces in different positions of the body are similar to those found by Veldhuizen and Chase et al. [3, 7] . These alterations in pressure magnitude can be understood as a result of the dorsolateral location of the brace-pads. The effect of these alterations on the correction of the scoliosis is not clear.
Conclusions
The effect of bracing in idiopathic adolescent scoliosis is probably the result of a variety of working mechanisms. One of these mechanisms is the direct acting corrective force, working through the brace-pads upon the body. It is possible that variations in this corrective force can influence the amount of correction of the scoliotic deformity, though such a correlation was not evident from the results of this pilot study.
Only after developing a reliable measuring device for measuring these interface pressures will it be possible to evaluate the influences of differences in the design of the orthosis, and in positions of the body while wearing the orthosis, upon the correction of the scoliosis.
Although not perfect yet, we believe that an electronic device, such as the one we used, is able to measure the interface pressures between brace-pads and body and can be used to evaluate these influences.
